Participatory games are valued by many researchers as innovative tools to facilitate science-practice communication in transdisciplinary research processes. This article explores the diverse potentials of role-playing games (RPGs) in natural resource research and management. Based on a literature review, we discuss different types of game design, the stakeholder groups involved, and outcomes that may be achieved by this method. Our results display how game elements, rationales and rules can be adapted in accordance with the conveners' intentions, and outline the roles that scientists, land users, institutional actors, and technicians assume in the RPG. We argue that RPGs have the potential to serve scientific knowledge production while also facilitating collective decisionmaking, conflict mediation, and joint learning. A case study from Madagascar illustrates that land users can easily relate RPGs to their real lives. The participants in this case study reflected on their livelihood systems, collectively analysed problems, and discussed possible solutions. Finally, we critically discuss the validity and legitimacy of the research results, and measures to avoid bias and manipulation. Although they are often considered innovative tools, participatory game methods are not new. In 1972, Feldt et al. described how the WALRUS 1 (Water And Land Resource Utilization Simulation) tool had been used to support communication and interaction among researchers and between researchers and citizens with regard to water and land resource usage. Another prominent example is the educational game Fishbanks (Meadows & Meadows, 1993) , which allows participants to gain an understanding of the dilemmas that arise through the joint management of open access resources. Today,
simulation games that allow decision-making patterns to be visualised and measured are often used to validate computer models (d 'Aquino, Le Page, Bousquet, & Bah, 2003) .
Several terms are used to refer to a growing family of board games which simulate land-use decision-making processes, including role gaming, role-playing gaming, and role play simulation. In the following, we group all of these denominations under the heading of role-playing games (RPGs). The literature contains a rich array of discussions of RPG methodology in different regional, thematic and social contexts. Nevertheless, conceptual analyses of the RPG method design have rarely been undertaken. The diversity of purposes and applications of RPGs calls for case-specific approaches that allow the system under study to express its identity. The present article aims to provide a systematic elaboration of the potential of this innovative approach. The question we pose is: how can RPGs be adapted to serve natural resource research and management? In responding to this overall research question, we address the following subsidiary questions:
1. What are the key game design parameters that might be modified? 2. What stakeholder groups may be included in the RPG process? 3. What are the potential outcomes of the method?
In the following section of the article, we conduct a literature review on RPG case studies in order to respond to these questions.
In the third part of the article, we show how the characteristic features of RPGs are showcased in the context of a case study in southwestern Madagascar. The case study highlights the practical advantages and opportunities presented by the RPG approach, but also notes its risks and shortcomings, which are critically discussed. The paper not only consolidates existing research, it also offers a systematic conceptual analysis of documented experiences and illustrates how to represent socio-ecological systems via the RPG method. The review helps conveners to adapt the method according to the need, foci and purpose of their research. We also reveal practical problems and disadvantages of the method and give recommendations on how to respond to them.
| ROLE-PLAYING GAMES IN THEORY AND PRACTICE
RPGs constitute a powerful tool for observing players' behaviour and eliciting their decisions in context, as well as providing a platform for the discussion of the consequences of their actions (Castella, Trung, & Boissau, 2005) . In a workshop context, a number of stakeholders are put in a gaming situation, in which they act out individual and collective decisions in response to particular scenarios (Vieira Pak & Castillo Brieva, 2010) . A game board is usually used as a stylised representation of a real-life situation. A facilitator introduces the rationale and the rules of the simulation and determines its time frame using tokens and colours to facilitate communication.
The method has been further developed using the companion modelling (ComMOD) approach, which combines RPGs and agent-based modelling (Bousquet & Tr ebuil, 2005) . Agent-based modelling and multi-agent systems focus on autonomous "agents" who receive information from their virtual environment and respond with agent-specific decisions and interactions (Bousquet & Tr ebuil, 2005) . In land-use modelling, an "agent" is a land or resource user. The agents' decisions are modelled with reference to the agents' economic assets and are based on behavioural routines. Such models make it possible to simulate the changes caused by the agents' cumulative behaviour on the natural resource base (Castella et al., 2005) .
Besides research, RPGs can be used to facilitate informed decision-making, scenario planning and joint management. The literature discusses a vast range of examples of RPG use in resource management contexts, such as water management (Dray et al., 2006; Ferrand, Farolfi, Abrami, & du Toit, 2009; Gurung, Bousquet, & Tr ebuil, 2006) , erosion control , and raising public awareness of sustainable techniques such as reedbeds (Mathevet, 2007) . Dieleman and Huisingh (2006) highlight the educational value of "gaming" in general (not explicitly of RPGs) for sustainable development. They note that games lead participants to reflect on their own strategies, to learn about the place they occupy within complex systems, and to come to understand other actor's viewpoints. RPGs can also constitute educational, exploratory and transformative processes (Barnaud, Promburom, Tr ebuil, & Bousquet, 2007; Barreteau, Bousquet, Etienne, Souch ere, & d'Aquino, 2014; Campo, Bousquet, & Villanueva, 2010; Ferrand et al., 2009; Simon & Etienne, 2010) .
| Game designs
RPGs are used to simulate complex socio-ecological systems in an understandable and feasible way. For the non-scientist, it is difficult to gain an overview of the complex interrelations of systems connected to simple actions. In order for the games to be playable and understandable, it is important that their structure is kept simple (Bousquet & Tr ebuil, 2005) . The next challenge for researchers is to break down complex dynamic processes into simple processes and interactions, and find an appropriate balance between simplicity and complexity (Lankford & Watson, 2007) . In some cases, great efforts are required to make the model simple enough to serve as the basis for a game. In RPGs which are constructed by the participants themselves, simple models may be created on the basis of collective discussions, and these may become increasingly complex in the iterative process of role-playing gaming and modelling (Bousquet & Tr ebuil, 2005) .
| Rationales
Where their geographical context and their objectives are concerned, RPGs may be used to focus on ecological, economic or social questions. Depending on the aims of the RPG, the game design may be guided by a variety of rationales that can be resource oriented, livelihood oriented and policy oriented.
In conservation contexts, RPG approaches have traditionally focused on the integrative management of natural resources. This approach is favoured when cooperation between stakeholders is required to address or mitigate environmental challenges. Examples for resource-oriented rationales include sylvo-pastoral management and wildlife preservation (SYLVO-PAST game; Etienne, 2003) , the provision of training on the transfer of forest management rights (Stratag emes game; Aubert et al., 2002) , and the reduction of erosive runoff in agricultural watersheds (as discussed by Souch ere et al., 2010) . Some RPGs focus on the management of one resource, particularly water. One of the most prominent examples here is the WAT-A-game, which simulates processes such as water flows, pollution, transformation and use. According to Castella (2009, abstract) , the game, "gives a simple but enlightening view of the various consequences of individual and collective choices, including regulation policies".
Development-oriented approaches tend to focus on livelihoods. Such livelihood-oriented approaches usually categorise resource user households and draw up a set of livelihood activities on the basis of expert typologies. The simulation of household decisions makes it possible to assess their implications on people's livelihood portfolios. On the basis of a study conducted in the Philippines, Campo et al. (2010 Campo et al. ( , p. 1319 state that "villagers learned their livelihood options, i.e., they were able to determine the viability of their livelihoods and thought of alternatives".
The third type of game aims to facilitate the creation of adequate regulations for land and resource management. Policyoriented approaches may include local institutions and decision-makers (Castella et al., 2005) . RPGs are also said to have helped build new institutions, including communication platforms (Bourgoin, Castella, Pullar, Lestrelin, & Bouahomd, 2012) and an organisation for collective watershed management (Gurung et al., 2006) . In their 2014 case study, Speelman, Garc Ia-Barrios, Groot, & Tittonell, developed a game called RESORTES, which involved farmers in communal decisionmaking processes in the buffer zone of a biosphere reserve in Chiapas, Mexico. They conclude that: this simple and stylized game presented a realistic coordination conflict in the context of smallholders in a complex agricultural landscape where a variety of incentive schemes influence farmers' individual land-use decisions. (p. 74) 2.1.2 | Elements Feldt, Moses, and Eckroad (1972) named three elements that games, as training and planning tools, have in common: role allocation, scenarios and accounting systems. The game designers define a number of roles which are then assigned to the players. These roles are usually intended to represent key actors in the real world (Barreteau et al., 2014) . The roles may either be strictly defined by the game conveners or more freely interpreted by the players. A player may either assume a role that matches his real-life role or may take on a different role (role reversal). A crucial element of RPGs is the elaboration and analysis of differing scenarios, which allows potential action strategies to be developed and discussed. A scenario represents a problem area or deficiency within the system. Such scenarios may pertain to present or future situations to which players are expected to respond, and they usually involve a specific setting (represented by a stylised map or game board) and a temporal frame. An accounting system is used to keep track of the events and their consequences during the game and to monitor the process. This is important insofar as it reveals the effects of the players' behaviour on their surroundings, those of other players, and the (eco)system.
| Rules
RPGs are governed by explicit or implicit rules that help to represent reality (Feldt et al., 1972) . Environmental influences on human behaviour and development can be represented as "natural laws". Feldt et al. (1972, p. 21 ) also include economic constraints that affect behaviour and development in this category. In addition, socially constructed rules serve to shape human decision-making processes; these may include laws and regulations that may influence zoning or resource usage, but can also constitute implicit codes that shape society.
The game designs can range from those that are predetermined by the inventors to those that are collaboratively developed by the participants themselves. In deterministic games, players choose between predefined strategies or scenarios (e.g., the MAE SALAEP game; Barnaud et al., 2007) . The conveners are free to introduce new rules into the system (e.g., "only one activity is allowed per round") or to incentivise competition by choosing a "winner" (as in the RESORTES game; Speelman et al., 2014) . Alongside closed games, there are also self-designed games, into which participants can introduce new rules and elements, and new forms of land use, social behaviour and collective organisation (as in the Self-CORMAS game; d 'Aquino et al., 2003) . While deterministic game designs allow researchers to test hypotheses concerning behavioural patterns, self-designed approaches oblige researchers to acknowledge the behaviour and attitudes displayed.
| Stakeholder groups and their functions
To ensure that people properly witness and take part in a board or RPG, the group size should be limited to 15-20 people. With this constraint, the questions of who should attend the game(s) arises. This question is crucial to prevent power imbalances among stakeholders (Edmunds & Wollenberg, 2001) .
Since RPGs aspire to reflect real-life situations, stakeholders should be represented in such a way as to reflect the diversity and heterogeneity of their viewpoints and interests. Barreteau et al. (2014) discuss the main actors involved in the companion modelling approach and acknowledge that the process itself creates and shapes relationships between stakeholders.
In Barreteau's classification, the first group is termed the "lay" category. Since the focus of our analysis, however, is on natural resource management, we prefer to use the term "resource users". This group has the capacity to consume resources, to change the quality and dynamics of these resources, and to learn and transmit knowledge. It is naturally a heterogeneous group, and is differentiated according to the power, competences, and knowledge possessed by its various members.
A second key group of actors is constituted by institutional stakeholders and decision-makers (Hertzog, Poussin, Tangara, Kouriba, & Jamin, 2014) . Their power to influence systems and their political and economic interests make them potential drivers of change. Nevertheless, their interests may conflict with those of the resource users.
The third category, that of "technicians", includes those who possess formal knowledge pertaining to a wide range of situations and specialist technical data (Barreteau et al., 2014) . Though they are conventionally treated as experts, technicians here contribute their expert knowledge as one of many perspectives within a collective learning process.
The fourth category is composed of "researchers", who typically take the role of conveners (Scholz, Dewulf, & PahlWostl, 2014) . They accompany the participatory process as modellers, facilitators, or mediators (Simon & Etienne, 2010) or, to use the ComMOD terminology, as "commodians" (Barreteau et al., 2014) . Such researchers usually seek to test, validate and expand their understanding of the system in question.
| Outcomes

| Scientific knowledge production
RPGs have been described as epistemological tools that contribute to the understanding of complex systems and serve scientific knowledge production. Vieira Pak and Castillo Brieva (2010) note that the structure of RPGs and their associated models correspond to the functioning of human memory and mental capacities. Pak and Brieva use the tool to "understand the heterogeneity of mental models". Since participants not only simulate the decisions they might make in real-life situations but also offer explanations for their choices, this allows qualitative, quantitative and spatial information all be combined. Bourgoin et al. (2012, p. 275) offer the following example of how geo-referenced data were derived from participatory 3D modelling, in combination with RPGs:
Pictures were taken from above to encompass the whole village landscape. Then, the landscape pictures were geo-referenced with the help of recognizable terrain features such as mountains, roads, and rivers, to capture the land use plan into GIS software (ArcGIS).
Castella (2009) used a number of participatory methods and geo-visualisation tools to analyse farmers' decisions, agricultural institutions, and the biophysical and socioeconomic environment. The authors conclude that these learning devices formed a concrete link between knowledge generation and collective action. They characterise the strengths of the method as follows:
By virtually putting stakeholders in decision-making situations, the combined use of role-play, multi-agent model and participatory GIS produced knowledge that could not have been generated through traditional research methods. (p. 1317) Such approaches are usually embedded in a broader research process and might be combined with socio-economic surveys, interviews, focus groups, GIS modelling, and development and conservation practices.
| Collective planning and decision-making
Simulations allow participants to manipulate reality and to experience the resultant consequences from the safety of the simulation (Dieleman & Huisingh, 2006) . Souch ere et al. (2010) conducted research on RPGs relating to the collective management of erosive runoff risks at the watershed scale in France. They argue that communicative tools are needed to help local actors recognise the collective consequences of their individual decisions. As they put it:
collective management can be addressed by enabling stakeholders to discover different points of view. Their shared perceptions can then be used to facilitate stakeholder coordination and negotiation mechanisms.
The authors conclude that simulation tools can be used to define, simulate, and discuss different options to facilitate the emergence of socially, economically and ecologically acceptable courses of action through improved stakeholder interactions. (p. 1360)
The discussion of concrete themes helps to clarify people's development visions and provides a basis for the formulation of objectives, the articulation of needs, and the negotiation of interests among different stakeholders. RPGs can therefore be utilised to elaborate broad-based action strategies and concrete action plans (Bousquet & Tr ebuil, 2005) . Though they perceived the compromises arrived at on the basis of RPGs as falling short of scientifically optimal solutions, Simon and Etienne (2010) conclude that collectively negotiated solutions might be implemented more successfully than top-down conservation regulations.
| Mediating conflicts and negotiating interests
Different stakeholders may have converging interests where the management of natural resources is concerned. Whereas most participatory approaches place a strong emphasis on joint problem analysis (Leewis, 2000) , RPGs provide a way of dealing with social conflict and resource struggles (Barnaud et al., 2007; Bourgoin et al., 2012; Lankford & Watson, 2007; Souch ere et al., 2010) . Castella (2009) reports that, in one gaming session, a real event that had created severe tensions within the village was spontaneously re-enacted by the participants:
One of the relatives of a commune official had taken advantage of his good connections with the forestry services to receive some of the best pieces of forest and areas ten times larger than other members of the village WESSELOW AND STOLL-KLEEMANN
In their study, Gurung et al. (2006) showed how the method helped to resolve a conflict over the sharing of irrigation water and contributed to the establishment of an institution for collective watershed management. They used agent-based modelling and RPGs to facilitate water management negotiations in the Lingmuteychu Watershed in Bhutan. Similar to Castella (2009) , the authors report that players kept on discussing the issues addressed in the gaming situation between two workshop sessions: "A player from Limbukha said that they had discussions on water sharing before attending the second RPG session" (Gurung et al., 2006) .
Communication between stakeholders also contributes to building trust. Since this takes time, players may meet several times in subsequent RPG sessions. In this manner, collective decision-making processes can be facilitated and guided (Speelman et al., 2014) .
| Learning and empowerment
The two-way communication process among and between stakeholder groups supports interactive and experimental learning processes. In "learning by doing" and "learning by failing", participants come to understand how natural and human systems interact (Dieleman & Huisingh, 2006) . Players improve their understanding of interdependencies and their ability to (re-)act in complex and uncertain situations (Hertzog et al., 2014; Souch ere et al., 2010) . This implies the ability to negotiate interests and to translate abstract problems into strategic and technical decisions (Simon & Etienne, 2010) . In their evaluation of the RPG method, Campo et al. (2010 Campo et al. ( , p. 1319 conclude that RPG participants in Southeast Asia "learned to stand up and voice their opinions".
The capacity of RPGs to induce learning and empowerment processes is illustrated in a study by Bourgoin et al. (2012) in Laos. Here, so-called "landscape values" were assigned to different land use types in order to make environmental and economic assets explicit:
The "landscape values" resulting from successive land zoning simulations helped participants to explore different options without consequences in reality. They could negotiate land uses and adjust and readapt the plans until consensus was reached among the different stakeholder groups they represent (i.e., villagers, district authorities, conservationists). (Bourgoin et al., 2012, p. 275) Furthermore, Dieleman and Huisingh (2006) stress that shared group experiences facilitate mutual understanding, group cohesion and team building.
This overview of the characteristic features of the RPG method serves to indicate its various potential applications. Many commentators, however, claim that the decisive question in the implementation of a participatory method is precisely how it is in fact put into practice (Barreteau, Bots, & Daniell, 2010; Buhler, Morse, Arthur, Bolton, & Mann, 2002) . Consequently, Neef and Neubert (2011) have stressed that the aim should not be to maximise the use of participatory approaches, but rather to optimise their adoption.
| CASE STUDY FROM MADAGASCAR
Madagascar is one of the poorest countries in the world. With more than 80% of its population living below the poverty line of $1.25 a day, the country ranks 151 out of 186 in the UNDP Human Development Index (UNDP, 2013). The Mahafaly Plateau in southwestern Madagascar is particularly marginalised. Local people have to contend not only with food insecurity and famine, but also with environmental threats such as cyclones, droughts and locust invasions. The climate is semi-arid, with annual rainfall between 300 and 350 mm in the coastal zone, and between 400 and 600 mm on the Mahafaly Plateau (UPDR, 2003) . Periods of drought constitute a major threat to rural livelihoods, which are based around rainfed subsistence agriculture. People mainly cultivate cassava (Manihot esculenta), maize (Zea mays) and sweet potatoes (Ipomoea batatas). In addition, zebu farming plays a key role in rural livelihood strategies and herding activities have a significant ecological impact in the area (Feldt & Schlecht, 2016) . Local people also engage in alternative activities such as charcoal making, collecting natural resources, and hunting. Given the ongoing population growth and decreasing precipitation (Vololona, Kyotalimye, Thomas, & Waithaka, 2013), it is crucial that rural communities develop adaptation strategies to safeguard their livelihoods and the ecosystems they depend upon. In a German-Malagasy research project on sustainable land management, a baseline survey using rapid rural appraisal techniques, and a quantitative household survey was carried out to analyse household composition and livelihood strategies in the study region. On the basis of these studies, the researchers designed an RPG in such a way as to consider livelihood strategies in relation to the project's land use models. The aim of the RPG was to gain an understanding of household strategies both in years when "normal" rainfall was observed and in periods of drought.
| Game design
Four household types were identified by the researchers on the basis of prior research. The households differed with respect to their composition and their resources -ranging from relatively wealthy to poor. These households constituted the roles that were allocated to players. Each role was played by two to three participants. A satellite map of the village layout containing mapped plot boundaries was used to set the spatial and topographic context for the households' activities. To simulate the households' decisions, a set of seven action cards was given to each household. Expenses and revenue were calculated for the end of each year and were symbolised by beans. The revenue from each year was noted and taken as a starting point for the next year. Since the underlying rationale of the RPG concerned the maintenance of a livelihood, it was termed a "livelihood game". The game elements, rules, stakeholder groups, and outcomes of the livelihood game are summarized in Table 1 . The fictional duration of the game was four years, with each round representing one year. While the first two years of the game were "normal" years, the last two were drought years. In each round, the fictive households were asked to plan their annual subsistence decisions and social activities. They could locate their fields on the map and decide how to cultivate them. Activity cards illustrating additional activities like livestock farming, trade, charcoal making, handicrafts, salaried work, collecting/hunting natural products, and sending children to school were also available to the players. Each of these activities was represented using picture cards, colours and symbols, and was localised on the map. So-called "destiny cards" symbolised socio-cultural events such as burials, weddings and sacrifices. Each household picked one of these cards at random at the end of each year. The participants' explanations revealed the implicit rules and conventions shaping local society. After two years, "reflection rounds" were played in order to elicit reflection on how the different strategies had impacted on the quality of life and well-being of the various households. Table 1 provides a summary of the various properties of the game.
| Stakeholder groups and their functions
The RPG workshops were held over four weeks in 2014 in two villages in the littoral region (Efoetse and Ankilibory) and two villages in the plateau region (Miarintsoa and Andremba). Both resource users and researchers were involved in the RPG. Two weeks prior to the workshop, the traditional authorities (chefs de fokontany 1 and village elders) in each village were asked to participate in the workshop. The communities were asked to choose the participants themselves following criteria predetermined by the researchers: the participants should be drawn from the local villages, they should practise the relevant activities, and the participating group from each village should be balanced with respect to age, gender and lineage. The research team clearly assumed the role of conveners and facilitators, while the land users interacted with one another. Two interdisciplinary teams of four Malagasy facilitators and documenters were also present during the workshops. Two groups with 12 participants worked simultaneously in each of the four villages, so that a total number of 96 people participated in all four villages. Regular feedback and cross-checking sessions allowed the research team to discuss and contextualise the results from different households, groups and research sites. These sessions helped to optimise the facilitation and documentation techniques employed, to detect irregularities with respect to group composition, bias and dynamics, and to discuss the further proceedings. 
| Outcomes
Both qualitative and quantitative data were derived from the workshops and were utilised to gain a better understanding of livelihood strategies and the means of coping with drought. The findings indicated the roles of different activities within livelihood portfolios, accumulation patterns, and responses to periods of drought. The researchers found that the data provided a thorough insight into the land users' motivations and revealed certain strategic patterns to the project's land use models.
The participants generally accepted and easily understood the game. Though the main purpose of the game was to validate scientific knowledge, the participant feedback showed that participants also regarded the game as a lesson. They stated that they recognised their daily lives, the different local household types, the climatic and seasonal changes, the different subsistence activities, and the "normal" and "bad" harvest scenarios. As one participant from Efoetse stated: "This game is easy, because it refers to our daily life, not to something you have created for yourself. This is the reality of our daily life" (August, 2014) . Lively discussions around complex decision-making processes evolved with the aid of pictures and symbols. The visualisation tools were considered helpful and relevant. The visualisations also helped to translate and understand the perceptions of the various participants and to reach a common understanding beyond language barriers. The participants stated that the game encouraged them to reflect on their lives. As one player in Andremba explained:
For us this game is like a lesson that helps us to understand what happens in our lives. It is a game of reflection that makes us think about our lives and our way of living with our subsistence activities and income sources. (July, 2014) Some participants stated that they learned something about their way of life, and came to reflect on how they managed their households, their activities and their income sources. One participant in Miarintsoa stated that the game served to generate solution-oriented knowledge: "[the game] greatly helps us to understand how to manage our lives and to solve the various problems we encounter and develop adequate solutions" (July, 2014). The participants also acknowledged that their problem-solving abilities improved and that they acquired new ideas about how to deal with difficulties. One participant in Efoetse confirmed that the simulation provided a platform for the discussion of alternative livelihood activities, and of how to optimise the time and workforce resources available to households: just recently we were able to find a solution which involved selling our cattle and changing to other activities such as fishing. In this way we were able to buy fishing equipment such as a pirogue and a net. (August, 2014) To find out whether the workshops actually affected the livelihood strategies of the participants, additional interviews with former workshop participants took place two years after the workshops. In the village of Ankilibory, one former participant stated that through the game, participants became aware of adaptation needs to drought. He explained the changes following the workshops: "we now practise activities we did not practise before . . . Some started fishing, others turned to trade. These activities allow us to live in the dry season". The participant affirmed that the lessons from the workshop were carried further into the community:
The people involved in the game have talked to others who could also benefit from it. We sell zebu to earn capital to start activities such as trade that sustain us until the following year.
Another participant from Efoetse confirmed that improvements in livelihood strategies were implemented:
We raise sheep and goats, and we keep the males, which are more expensive. Then, we exchange them against zebu cattle . . . It's bad to keep more than as forty goats.
T A B L E 1 Overview of the game elements, the rules, the stakeholder groups involved, and the outcomes of the livelihood game 
| DISCUSSION
The strength of the RPG method is that the close-to-real situations allow the creation of "safe, dangerous places" (Lankford & Watson, 2007, p. 426) where various courses of action can be tested and discussed. The method has the capacity to involve community members actively who are not usually involved in real-life communal land-use planning processes (Speelman et al., 2014) . Furthermore, it constitutes a platform which helps to build trust, negotiate interests, and mediate conflicts between participants. Castella (2009) also notes that RPGs facilitate translation, since there may be linguistic and cultural differences between stakeholders on account of their varied ethnic, social and professional origins. In the Madagascar case study, the drought scenario was discussed within the RPG. The ongoing discussions that ensued not only helped people to formulate their visions, but also to develop adaptive capacities for change. The accounting system used in such games can be used to initiate learning processes, since it allows the environmental consequences of human actions to be calculated and visualised. Mathevet (2007) , for example, notes that in the BOTORSTAR game players receive handouts providing information on the relevant activities and their associated land-use changes.
As in many other studies (Vieira Pak & Castillo Brieva, 2010; Villamor & van Noordwijk, 2011) , the participant feedback from our livelihood game provides credible evidence that players predominantly based their decisions on real-life strategies. Interviews that we carried out 2 years after the workshops sustain the assumption that the RPG actually induced changes in the players' livelihood decisions, but also indicated that the learning was taken further into the community. The fact that institutions have been created in the wake of RPG discussions (Bourgoin & Castella, 2011) supports the view that RPGs lead to greater public organisation and common action. However, during the evaluation of the livelihood game, researchers had the impression that some of the participants' answers were influenced by their expectations for more (financial) support. These experiences not only cast doubts on the credibility of the feedback but also show that the outcomes and the expectations that different stakeholders have for the outcomes may be very different. This suggests that researchers should clearly formulate their expectations and ask participants what their expectations are in order to avoid frustration.
Although hardly any drawbacks of RPGs have been reported in the literature, scientific quality and legitimisation of participatory approaches in general is contested. Pretty (1995), for example, states that in participatory research there are no simple and objective criteria of quality assurance. Since such knowledge production is not conducted by professionals or scientists alone, criteria of trustworthiness replace those of internal and external validity, objectivity and reliability. In the Madagascar case study, we adopted certain measures to ensure the validity of participants' statements. The anonymisation achieved through the assignment of roles is a factor that makes participants open up more than in other forms of group workshop. To make sure that participants could validly take decisions from the different households' perspective, three players teamed up to take on the role of one household. Moreover, the other participants were asked to approve a player's assertion. Individual post-game interviews also helped to gain a better understanding of the motives behind actions taken and the determinants of certain decision patterns (Lamarque, Barnaud, Dobremez, Nettier, & Lavorel, 2013) , and provide a confidential space to speak about more delicate issues.
Furthermore, it is very important to train facilitators to be critical. Facilitators should have a good knowledge of the region and should pose critical questions when they suspect bias or distortion in participants' answers. At the same time, they should act as neutral persons who allow all participants to contribute their knowledge and opinions. Furthermore, information obtained through RPGs should be cross checked and aligned with information derived from other research methods.
Another problem of participatory methods is that power imbalances can arise between local research participants, and non-local academics, and these imbalances run the risk of co-option or even coercion (Barber & Jackson, 2015) . Mosse (2001) warns that within participatory approaches, outside forces like project actors can strongly influence the construction of knowledge, which can lead to prior assumptions about where power exists and who is to be empowered (Kothari, 2001) . In these situations, participatory approaches run the risk of reproducing certain power disparities by providing a platform for those voices that are already most dominant (Mosse, 2001) , while marginalised groups such as women or the poorest members of the community are sidelined (Barnaud & van Paassen, 2013; Edmunds & Wollenberg, 2001 ). However, if marginal groups are expressly privileged, the legitimacy of the process becomes doubtful in the eyes of those who expect numerical representativeness.
In the livelihood game, researchers requested that the participant groups should be balanced with respect to their gender, age, status and ethnic affiliation. Despite the communication of these criteria, women constituted only 23 of 96 participants. As the choice of participants was left to the communities, the reasons for the under-representation of women are hard to unveil, although it is likely to be related to the fact that positions of administrative and traditional power relevant for decision-making are usually occupied by men in the Mahafaly Plateau region. In line with Edmunds and Wollenberg (2001) , we argue that disadvantaged groups, such as women and the poor, should retain the right not to participate in multi-stakeholder negotiations, to create alliances with more powerful stakeholders, and to identify "non-negotiable" topics. These arguments support the need to regard multi-stakeholder negotiations as a long-term, iterative process, and as one strategy among others that disadvantaged groups may use and pursue simultaneously (cf. Edmunds & Wollenberg, 2002) . This is also supported by Thielsen's (2016) observation that local decision-making processes in the Mahafaly Plateau region are complex and take long time periods. Speelman et al. (2014) and Villamor and van Noordwijk (2011) have also drawn attention to the fact that the mere presence of a researcher in the workshop sessions may exert an influence on stakeholder interaction. This may lead to biased data (e.g., more socially desirable answers and acquiescence) and can become especially critical when RPGs are used in decision-making processes. Simon and Etienne (2010) stress that it is important to differentiate clearly between those who are embedded within the relevant methodological framework and those who contribute technical or scientific insights to the debate in question. When researchers assume the role of facilitators, they should remain neutral and descriptive, and act in an identical manner in all sessions and with all groups. Furthermore, good practices in RPGs include procedural communication and regular debriefing sessions. These debriefings help participants to reflect on the game's relation to the real world and explicitly serve to acknowledge collective learning (Barreteau & Abrami, 2007; Ryan, 2000) .
Another phenomenon observed during the livelihood game was that some participants tended to imitate the behaviour of other players, a pattern also noted by Boissau, Anh, and Castella (2004) . Lamarque et al. (2013) , however, argue that simulated neighbourly relations between players, such as the offering of advice and imitative behaviour, correspond to the group dynamics among farmers in real life. They can be considered intangible and potentially subconscious elements in which behavioural patterns are strongly rooted (d 'Aquino et al., 2002) . This point is illustrated by Castella's (2009) 
observation that:
Their [the participants'] behavior during the game was also highly influenced by local history and culture, and internalized power struggles and other collective issues. Through the interactions with the other players they revealed the social structures of their village community. (p. 1316)
It is assumed here that participants use their own local frame of reference and make decisions about their virtual actions on the basis of their own experience (Castella, 2009) . RPGs may help to make such implicit rules explicit. Vieira Pak and Castillo Brieva (2010, p. 1332) describe this effect of games as follows: "The RPG constitutes a device that could 'talk' by itself, in the name of local actors".
| CONCLUSION
Our findings show that RPGs can function as innovative communication tools in natural resource research and management. The design, participants and outcomes of RPGs can be altered to suit specific purposes and contexts. In terms of the game design, the guiding rationales, game elements, and rules are all important parameters that can be modified by the conveners. The range of stakeholder groups that may be involved in the RPG process comprise resource users, institutional stakeholders, technicians and researchers, and are all potential RPG participants. In order to avoid power imbalances, participant groups should be represented in their diversity. The facilitator should take an active role in encouraging especially the marginalised groups to contribute specific knowledge to the RPG process. If applied adequately, RPGs have the potential to generate scientific knowledge, to foster collective planning, to mediate conflicts, and to facilitate learning. Nevertheless, we argue that the risks of manipulation and bias also need to be acknowledged. In our case study, the problem of power imbalances became evident in the under-representation of women in the game. In order to integrate the method decisionmaking processes, further consideration needs to be given to the question of how to better represent the interests of marginalised groups in the RPG process.
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ENDNOTES
1 Local representative in the smallest administrative unit of the Malagasy state.
2 A video about the workshops can be watched under: https://vimeo.com/222374756.
